We have identified a developmentally repressed largesubunit ribosomal protein gene of Dictyostelium discoideum based on sequence similarity to other ribosomal proteins. Protein rpl7 is homologous to large subunit ribosomal proteins from the rat and possibly to Mycoplasma capricolum and Escherichia coli, but is not similar to three sequenced ribosomal proteins in Dictyostelium. The rpl7 gene is present at one copy per genome, as are six other cloned Dictyostelium ribosomal proteins. Restriction fragment length polymorphisms exist for ribosomal protein genes rpl7, rp1024, and rp110 in strain HU182; most Dictyostelium ribosomal protein genes examined are linked no closer than 3 0 -1 0 0 kb to each other in the genome. Dictyostelium ribosomal proteins are known to be developmentally regulated, and levels of rpl7 transcript gradually decrease during the 24-hour development cycle. This drop correlates with that of rp1024, indicating these and other ribosomal protein genes may be coordinately regulated. To determine the cellular location of the protein, we raised antibodies to an rpl7-derived branched synthetic peptide. These antibodies cross-reacted with one protein of the expected size in a ribosomal protein fraction of Dictyostelium, indicating that the product of gene rpl7 is localized in the ribosome.
INTRODUCTION
The ribosome is the cellular machinery which translates messenger RNA into protein. This organelle has been studied extensively for a number of reasons. First, it is a very large complex of proteins and rRNA, and understanding the function of these components in the synthesis of proteins is a basic goal in molecular biology. Second, since the ribosome is ubiquitous in living systems, the RNA and protein constituents can be used to study evolutionary relationships over very large periods of time. Third, the regulation of these genes is of interest, because these 70-odd proteins and RNAs must be coordinately regulated for efficient expression.
Dictyostelium discoideum, a cellular slime mould, is a lower eukaryotic organism with a simple and unique life cycle which makes it a model system for studying development and gene regulation in eukaryotes. These same characteristics make it a useful organism for the study of ribosomes. The number and size of the protein components of Dictyostelium ribosomes have been characterized using two-dimensional gel electrophoresis of proteins isolated from ribosomes (36, 37) . Evolutionary trees are commonly constructed using ribosomal RNA sequences, including those of Dictyostelium (26) . Dictyostelium is the first, or oldest, branch in the eukaryotic lineage so far identified; therefore it is distantly related to all other eukaryotes. The techniques used for comparison of ribosomal RNA sequences can be applied to ribosomal proteins as well (54) , and Dictyostelium protein sequences are now becoming available for analysis. Nine ribosomal protein genes of Dictyostelium have been cloned, and four of these have been sequenced (42, 44, 46) . We have previously identified the ribosomal protein described in this work as a homolog of the rat ribosomal protein L7 (50) .
The efficient synthesis of the eukaryotic ribosome involves regulation at the levels of transcription, translation, and protein stability (28, 35) . Coordinate transcription of ribosomal proteins upon initiation of cell division has been shown in mouse (53) , rat (31) , and yeast cells (20) . Translational control of ribosome synthesis is known to occur in yeast (34) , mouse (15) , and Dictyostelium (47) . In Dictyostelium, cell division occurs only in the vegetative ameboid state. During starvation amebas stop dividing and aggregate into a multicellular structure which ultimately differentiates into spore and stalk cells (45) . The level of ribosomal proteins in D. discoideum is altered and different proteins are expressed during spore germination, vegetative growth, and development (38, 39) . Ribosome content drops to only 32% of the amount in vegetative cells by the end of development, and ribosomal protein levels drop at different rates during development. Ribosomal proteins are degraded during development, but synthesis of new ribosomes continues at lower levels. The demand for production of new ribosomes is greatest during vegetative growth when protein synthesis levels are highest. Since Dictyostelium discoideum developmental regulation can be examined without the complication of gene expression due to cell division (24) , the organism can be used to determine ribosomal synthesis rates during various stages of development. Studies have shown that transcription (44, 48) and translation (47) of some Dictyostelium ribosomal protein genes are blocked in early development; therefore, Dictyostelium provides a unique opportunity to examine developmental changes in eukaryotic ribosomes.
Gene linkage and dosage are also relevant to questions of ribosomal protein gene regulation. In general, prokaryotes have single-copy ribosomal protein genes, often closely linked on operons (33) , while eukaryotes have multiple copies of the genes (often pseudogenes), which are not usually linked (12, 29, 54) . Especially in view of the ancient divergence of Dictyostelium, it is worthwhile to compare copy number and genetic linkage of the ribosomal protein genes of this organism to prokaryotes and higher eukaryotes.
In this work, we describe research identifying a large subunit ribosomal protein gene of D. discoideum. We show that it is very similar to a rat ribosomal protein and may be homologous to prokaryotic ribosomal proteins as well. We show that the gene is single-copy, like the genes for all other Dictyostelium ribosomal proteins examined. We also identify restriction fragment length polymorphisms for this and two other ribosomal protein genes, which can be used to determine the linkage assignment of these genes. We estimate minimum distances between ribosomal protein genes in the genome of Dictyostelium, based on a statistical analysis of restriction fragment sizes for seven cloned genes. In addition, we examine regulation of this gene during development, and show that the gene may be coordinately regulated with other ribosomal protein genes. Finally, we confirm the identity of the gene we have sequenced as a ribosomal protein by raising antibodies to a synthetic peptide based on the deduced amino acid sequence, and show that these antibodies cross-react with a protein of the expected size in a purified ribosomal fraction of Dictyostelium proteins.
MATERIALS AND METHODS
Growth and synchronous development of Dictyostelium discoideum Dictyostelium discoideum strain NP2 was used for all DNA isolations and developmental studies. Cells were grown axenically in HL-5 medium to isolate DNA. To ensure good synchronous development and isolate RNA and protein, cells were grown on E. coli B/r. The techniques for growth and maintenance of Dictyostelium have been described in detail (40) . The methods used to induce synchronous multicellular development of Dictyostelium discoideum are described elsewhere (8) ; briefly, 1X10 8 cells in stationary phase (2 X10 7 cells/ml) were spread evenly on 47 mm black filters on well-buffered pads and placed in a humid dark chamber at 23 °C, and harvested every 2 hours for RNA isolation.
Isolation of Dictyostelium discoideum genomic DNA and Southern blotting Genomic DNA was purified by isolating intact nuclei, lysing the nuclei and running the DNA on two consecutive CsCl gradients. The isolation method has been described in detail (14) , and modified slightly by our laboratory (9) . A total of 5 /tg of restriction-digested genomic DNA was run on 0.8% agarose gels and electroblotted onto GeneScreen (Dupont) nylon membranes following the manufacturer's suggested protocol.
Isolation of RNA and Northern blotting
The guanidine isothiocyanate method of Chirgwin et al. (7) was used to isolate RNA. Three micrograms of total RNA was electrophoresed and blotted onto GeneScreen nylon membranes as recommended by the manufacturer (Dupont).
Screening of the Dictyostelium library A mixed oligonucleotide probe was constructed with the sequence 5 
The sequence of the probe was based on known sequences of thymidylate synthase proteins from other organisms (6, 52) , biased for codon usage of D. discoideum, which is highly ATrich (55) . Specific activity of the labelled probe was approximately 3 x l 0 8 counts per min//tg DNA. Hybridization of the oligonucleotide probe was done at 45 C C in a buffer consisting of 1 M NaCl, 10% polyethylene glycol, 1% sodium dodecyl sulfate, and 1 mg/ml denatured salmon sperm DNA, as described in the Dupont GeneScreen manual. The probe was allowed to hybridize for 12-24 hours at approximately 1 x 10 6 cpm/ml (10 ng oligonucleotide/ml). Blots were washed twice for 5 minutes in 2x SSC at room temperature, and twice for 30 minutes in 6x SSC, 0.1 % SDS at 45°C, then twice in 2x SSC for 5 minutes at room temperature. The blots were dried and exposed to X-ray film at -70°C, with intensifying screens, for approximately four days. The Xgtl 1 cDNA library, constructed from late log phase Dictyostelium discoideum (16) , was a generous gift from T. Graham (St. Louis University Medical Center). Of approximately 140,000 recombinant plaques of the Dictyostelium vegetative cDNA library screened with the thymidylate synthase-derived oligonucleotide probe, 25 positives were identified, all derived from the same mRNA. The M13mpl8 subclones of the cDNA inserts were sequenced using the dideoxy chain termination technique (41) with the Sequenase kit from the United States Biochemical Corporation. Subclones in M13mpl8 were made with the cDNA in both orientations to sequence both strands of the insert.
Computer analyses
GenBank and NBRF database searches for protein and nucleic acid sequences similar to rpl7 were done on the DEC VAX of the Pennsylvania State University Biotechnology Institute, using sequence analysis software from the University of Wisconsin Genetics Computer Group (10) and the Protein Information Resource (23) . Alignments of matches were done using the GAP program, and determinations of match significance were done using the RDP program. Analyses of restriction sites, open reading frames, translations, and secondary structure were done on a Macintosh SE using DNA Strider (25) and DNA Inspector 11+ (Textco) software.
Labelling and hybridization conditions for DNA probes
The £coRI insert of pUC18 was labelled with [a-32 P] dCTP using the random oligonucleotide-primed labelling method (13) , with a protocol from Pharmacia. Hybridizations were performed as described for the oligonucleotide probe, except that the temperature was raised to 65°C for hybridization and washes. Hybridization was done for 12-24 hours at approximately 1 x 10 6 cpm/ml using a probe with specific activity of 1 x 10 8 cpm//tg. Northern and slot blots of RNA were scanned using a Helena Quick-Quant densitometer, and the density of each band was calculated by integrating the area under the peak. Control hybridizations with varying amounts of vegetative RNA were done to insure the linear response of the X-ray film to label at the exposures used. Hybridizations also were done with two other Dictyostelium genes for which mRNA levels during the developmental cycle are known. One probe was a sequenced ribosomal protein gene of Dictyostelium, rplO24, whose transcript decreases in amount during development (49) . The other control, 10C3, was kindly provided by R. Firtel (University of California at San Diego) and is a gene of unknown function whose message accumulates throughout development (27) . Labelling and hybridization methods for these probes were the same as those for the rpl7 cDNA. 
Restriction fragment length polymorphism analyses

Construction of synthetic peptide based on rp!7 and preparation of antibodies
A synthetic peptide was created based on the carboxy-terminus of the deduced protein sequence encoded by the rpl7 gene. This peptide, with sequence NH 2 -leu-ile-asn-asn-leu-ile-his-arg-metasn-COOH, was synthesized by M. Belenky (Temple University) using the multiple antigenic determinant method of Tarn (51) . The peptide was purified as described in the same paper, and concentration was assayed using the Bradford method (5). Standard protocols were used to inject three New Zealand White female rabbits with 1 mg of synthetic peptide in Freund's Complete Adjuvant, followed by boosts at days 21 and 41 with the same amount of immunogen in Freund's Incomplete Adjuvant (51) . The rabbits were bled multiple times over the course of the immune response and the serum was tested for reactivity with the synthetic peptide in an enzyme-linked immunosorbent assay.
Enzyme-linked immunosorbent assays of antibody
Enzyme-linked immunosorbent assays (ELISAs) were performed as described (2) . The Avidin: Biotinylated Enzyme Complex method (18) was used according to manufacturer • s instructions (Pierce) to detect the antibody antigen complex. As antigens, 1 ng synthetic peptide, 5 ng E. coli protein, and 1 ng ovalbumin were added to individual wells of a microtiter plate. Dilutions of serum from different days after immunization were taken from each of three immunized rabbits and added to the antigen-coated wells. Normal rabbit serum was used as a control. The absorbance at 490 ran of each well was read on a microtiter plate spectrophotometer (Biotek Instruments) to determine titer of antibody to the synthetic peptide compared to titers for control serum.
Purification of Dictyostelium ribosomal proteins
Ribosomal proteins were isolated using a modification of the acetic acid extraction technique (4, 17) . Details of the procedure as used for Dictyostelium were obtained in a personal communication from Dr. L. Steel. D. discoideum strain NP2 was grown to 5 X 10 6 cells/ml in 150 ml of HL-5 medium. The cells were collected by centrifugation, washed once with cold 0.2% NaCl, and collected again by centrifugation. The cell pellet was resuspended in 15 ml of cold 0.05 M Hepes pH 7.5, 5 mM magnesium acetate, 10% sucrose, and 2% Triton-X 100. The suspension was centrifuged at 27,000 g for 10 minutes to remove large cellular debris. The supernatant, containing the polysomes, was centrifuged in a Beckman 70Ti rotor at 4°C for two hours at 45,000 rpm to collect ribosomes. The pellet was rinsed with water, then resuspended in 5 ml of 10 mM potassium chloride, 10 mM magnesium acetate, and 10 mM Hepes pH 7.5, and homogenized with a Potter-Elvehjem homogenizer. Acetic acid extraction of ribosomal proteins from the ribosomes was performed by adding 0.1 volumes of 1 M magnesium acetate, 0.01 volumes 1 M dithiothreitol, and two volumes glacial acetic acid to the homogenized pellet. The solution was stirred at 4°C for 45 minutes, then insoluble material was removed by centrifugation for 10 minutes at 15,000 rpm in a Sorvall SA600 rotor. Ribosomal proteins were precipitated by adding 5 volumes acetone and storing at -20°C for 2 hours, then recovered by centrifugation for 10 minutes at 11,000 rpm in a Sorvall SA600 rotor. Proteins were resuspended in 6 M urea and stored at -20°C.
Western blotting
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis was performed with various fractions of Dictyostelium discoideum proteins, including whole cell lysates, ribosomal protein fractions, and the synthetic peptide. A 10% acrylamide, 0.27% bisacrylamide solution of pH 8.8 was used for the separating gel, with a 2.6% acrylamide, 0.07% bis-acrylamide solution of pH 8.8 used for the stacking gel. Using the suggested protocol (Amersham), the gels were electroblotted in 10 mM CAPS, 10% methanol to transfer the proteins to Immobilon polyvinylidene diflouride membrane. For western blot analyses, 50 /*g of a ribosomal protein fraction or 40 /ig of synthetic peptide was added per lane. Duplicate blots were stained in Coomassie Blue to determine the protein present. In addition, control blots with nonimmune rabbit serum or no serum were done to identify synthetic peptide-specific antibodies.
RESULTS AND DISCUSSION
Identification of D. discoideum rp!7 and comparison to homologous sequences
We isolated the ribosomal protein gene cDNA while attempting to clone the thymidylate synthase gene of Dictyostelium using an oligonucleotide probe based on a highly conserved region of this gene (6, 52) . The longest open reading frame is 738 nucleotides in length and encodes a 246 amino acid protein with a molecular mass of 27,914 Da, which had no similarity to thymidylate synthase sequences except for the 16-base region to which the probe hybridized. The deduced protein is highly basic (12% lysine, 7% arginine, and 6% histidine). Using the Wordsearch routine of the Wisconsin GCG sequence analysis package to search GenBank and NBRF databases on a VAX minicomputer, we identified the clone as a ribosomal protein gene with remarkable similarity to the rat ribosomal protein L7. The algorithm of Needleman and Wunsch (32) was used to generate alignments of the DNA and protein sequences of Dictyostelium and rat. Considering the difference in open reading frame G+C content in Dictyostelium (40%) and rat (48%), the 55% similarity (with no gaps) of nucleotide sequences is notable. Stronger evidence for the homology of the two genes, however, is found by comparing the amino acid sequences of the proteins. Analysis of the rat and Dictyostelium sequences shows a strong 69% similarity at the amino acid level, with no gaps in the alignment (Figure 1 A) . A z-score of 3 for the aligned sequences, compared to a distribution of alignments of the randomized sequences, is often used to establish significance of a match (3, 21) . The score for the match of rat L7 protein to the protein encoded by the D. discoideum cDNA open reading frame was 78.2, and therefore it is clear that rpl7 is homologous to the rat L7 ribosomal protein.
No other sequence in the databases showed such convincing evidence of homology to rpl7, which is expected since the rat L7 sequence has no strong similarity to other sequenced ribosomal proteins. However, the database search identified two other ribosomal protein genes as possible homologs to rpl7. The A. Alignment of rpl7 protein to rat L7 sequence. The Dictyostelium (RPL7) and rat (L7) sequences were aligned using the GAP routine of the University of Wisconsin Genetics Computer Group analysis package (10) . The Dictyostelium sequence is from Szymkowski el al. (50) , and the rat sequence is from Lin et al. (22) . Overall similarity is 69%, using the algorithm of Needleman and Wunsch (32) Figure IB) . The similarity at the protein level is 42%, calculated using the algorithm of Needleman and Wunsch (32) . In addition, the E.coli 50S subunit protein L23 (58) is 39% similar and has a z-score of 2.11, indicating a possible similarity. Since these three matches found in sequence databases are large-subunit ribosomal proteins, we believe these genes are homologs to rpl7. Dictyostelium rpl7 is the first example of a homolog to the rat L7 ribosomal protein. The conservation of this protein between a lower eukaryote such as Dictyostelium and a mammal is striking, since Dictyostelium is thought to be the earliest eukaryote to diverge from the phylogenetic tree (26) . The function of the rpl7 protein is not yet known, but the conservation of primary structure indicates that it may be an important component of the eukaryotic ribosome. It has been shown that ribosomal proteins whose sequences are well-conserved are also required for ribosome activity (1, 57) .
Two other D. discoideum ribosomal proteins have recently been identified based on homology considerations (42, 44) . One, V18, is very similar to S. cerevisiae L16 (79.4% similar in the amino-terminal half of the protein) and 39.5% similar to E. coli L5. Another, VI, is 28.1 % similar to L2 of E. coli over a portion of its sequence. However, there seems to be no overall similarity among sequenced ribosomal proteins of Dictyostelium. In addition, sequences similar to rpl7 were not detected in 5. cerevisiae and E. coli when genomic DNA from these organisms was probed at low stringency with the Dictyostelium rpl7 gene (not shown).
Copy number of rpl7 and ribosomal protein gene linkage in the D. discoideum genome The ribosomal protein genes of E. coli are present in single copy in the genome (33) . Dictyostelium also has single copies of the six ribosomal protein genes investigated (46) . Many eukaryotes are known to have multiple copies of some of their ribosomal proteins (12, 29, 57) , though most copies appear to be pseudogenes (54) . We therefore were interested in determining the copy number of rpl7 in the haploid D. discoideum genome. Southern analysis with a number of restriction enzymes can be used to determine gene copy number. On Southern blots of Dictyostelium DNA, all restriction digests contained only one fragment hybridizing to rpl7 (data not shown); therefore, this ribosomal protein gene is very likely to be single-copy in the Dictyostelium genome.
An interesting question regarding ribosomal protein genes and their regulation is their relative locations in the genome. In E. coli, many ribosomal proteins are coordinately regulated and are clustered in operons (19) . Although this direct method of coordinate regulation does not occur in eukaryotes, some ribosomal protein genes are known to be linked in yeast (35) ; however, most ribosomal protein genes are not linked. We identified restriction fragment length polymorphisms (RFLPs) for Dictyostelium ribosomal proteins as a method of determining the linkage groups of these genes (56) . D. discoideum is polymorphic for the ribosomal protein genes rpl7 (for £coRI and Oral), rplO24 (Dral), and rpllO (Oral), with strain HU182 containing the different-size restriction fragment compared to strains NP2, HU1852, WS380B, WS576, WS583, and WS1956
(not shown). Polymorphisms for ribosomal protein genes are infrequent among the seven Dictyostelium strains examined, indicating ribosomal protein gene loci are probably wellconserved. Using our Southern blot data and previously-published data (48) on restriction fragment sizes for the ribosomal protein genes, it is possible to estimate the minimum separation of these genes. If two genes are located on different restriction fragments as determined by Southern blots, the Poisson distribution can be used to estimate the minimum distance between genes. These data (not shown) indicate that Dictyostelium ribosomal protein genes rp58, 59, 70, 110, 1024, and rpl7 are, in general, at least 30-100 kilobases apart. These results show that, as in other eukaryotes, Dictyostelium ribosomal protein genes do not appear to be tightly linked.
Regulation of ribosomal proteins by synchronous development
Synchronous development in Dictyostelium occurs after cell division has stopped. The protein synthesis required to exponentially increase cell numbers creates the demand for new ribosomes, and this demand is absent in developing Dictyostelium cells; therefore, the demand for synthesis of ribosomal components should decrease. We examined levels of transcripts during development of ribosomal protein rpl7 compared to rplO24 to determine if these transcripts were regulated. RNA was isolated at different times from cells developing synchronously on filters. Northern blots of developmental RNA show that levels of rpl7 and rplO24 drop throughout development, but that some message remains even at the end of the developmental cycle (Figure 2 ). When autoradiograms of slot blots of developmental RNA samples were scanned using a densitometer, levels of rpl7 transcripts are shown to be reduced approximately 60% over the course of development. Transcript levels for rplO24 are reduced by about 55 %, indicating the two ribosomal protein genes may be coordinately regulated. A developmentally initiated transcript, 10C3, increases to about 700% of vegetative levels, which serves as a positive control for RNA preparation. In addition, varying amounts of vegetative RNA were added to each slot blot as controls, and the strength of the hybridizing signals showed that the response of the film was linear for the exposures used (data not shown). The rplO24 ribosomal protein transcript we examined as a control has been shown to be coordinately repressed with ribosomal protein transcripts rp57, rp58, rp59, rp70, and rpl 10 (47), and V14 and V18 (43) . Our results indicate that rpl7 is regulated with these eight ribosomal protein genes, probably at the level of transcription or mRNA degradation, as levels of mRNA drop early in development.
Our findings on developmental regulation of the ribosomal protein gene control rplO24 did not agree with earlier work on this gene. Our results show that rpl7 and rpl024 drop gradually throughout development; however, Steel and Jacobson report that each ribosomal protein transcript they examined, including rplO24, 'remains present at virtually the same level as in vegetatively growing cells' for the first ten hours of development (47), followed by a rapid loss between 10 and 11 hours into development to a level of approximately 15% of initial amounts. Recent work (44) has explained the discrepancy between our own results and those of Steel and Jacobson, based on growth conditions for the vegetative cells prior to development. When cells are grown axenically, using the protocol of Jacobson and Steel, a constant level of mRNA for rplO24 and genes V14 and V18 is observed until ten hours into development, when the levels sharply decline (44) . However, when Singleton etal. grew cells on bacteria prior to development, as we did in all regulation studies, they observed an immediate and gradual decline in mRNA levels of ribosomal proteins (44) , with RNA detectable even at the end of development. Using the same growth conditions, our results for rpl7 agree with data for ribosomal proteins V14 and V18 (43) and rplO24 (44) , indicating these genes may be coordinately regulated.
Isolation of antibodies to rpl7 protein and western blotting of ribosomal proteins Homology considerations and mRNA regulation studies cannot determine if rpl7 is localized in the ribosome of Dictyostelium. To determine the cellular localization of the product of gene rpl7, we used a synthetic peptide constructed by a novel technique in which eight peptide chains are synthesized on a branched lysine core (51) . This technique has been used successfully with a number of proteins, and a full description of the method is given by Tarn (51) . We designed the peptide based on the carboxyterminal end of the deduced amino acid sequence, since this region is less likely to be processed from the final protein and is generally more immunogenic than other regions of a protein, as it is often exposed in the native protein (11) .
Enzyme-linked immunosorbent assay results indicate that two of three rabbits raised significant levels of antibody to the synthetic peptide (not shown). To determine both the size of the reactive protein and its cellular location, a ribosomal protein fraction of Dictyostelium was prepared, and these proteins were run on SDS-PAGE, using the synthetic peptide as a positive control. Western blots of these gels show specific cross-reactivity of the ribosomal protein and synthetic peptide to the Dictyostelium rpl7 antibody (see Figure 3) . These bands are not seen when duplicate blots are probed with nonimmune rabbit serum. The 69,000 Da band is an artifact of the procedure, because lanes containing no protein also showed this band. The size of the protein as calculated from the open reading frame of the gene is 27,914 Da, while the band detected in gels is 35,000 Da. The discrepancy can be explained by the unusually basic nature of the protein, a common feature of ribosomal proteins (57) , which causes it to be retarded during electrophoresis. When the negative charge of the protein is taken into account, the 28,000 Da protein will be retarded in a gel and migrate as a protein of approximately 36,000 Da, as seen in Figure 3 . We have tentatively identified ribosomal protein gene rpl7 as coding for large subunit ribosomal protein LI3 or L14 in the nomenclature of Ramagopal and Ennis for Dictyostelium ribosomal proteins (37) , based on its apparent size and also its conservation with the rat L7. These proteins are the only large subunit ribosomal proteins of Dictyostelium within 5,000 Da of the size of rpl7. The two proteins migrate at 35,000 Da molecular mass and cannot easily be distinguished on SDS-PAGE gels (37) . However, two-dimensional SDS-PAGE should confirm the identity of ribosomal protein rpl7.
Dictyostelium is a valuable system to study ribosomal gene regulation during development, and this research presents a new addition to the growing list of developmentally regulated genes in this organism. We have shown the rpl7 gene is regulated with other ribosomal genes. However, ribosomal protein genes do not appear to be linked, and it is not known if mechanisms for coordinate gene regulation exist. Dictyostelium ribosomal protein sequences will be useful for evolutionary studies as well, and rpl7 is the first cloned homolog to the mammalian ribosomal protein L7. The antibody we have produced can be used to identify the gene with one of the purified ribosomal proteins characterized in Dictyostelium, and to directly examine changes in protein levels during development. The combination of the gene as a probe of message levels and the antibody as a probe of protein levels may allow more informative experiments on regulation of synthesis of the eukaryotic ribosome.
